The ground state rotational spectrum of H 2 C ls Ohas been studied between 485 and 835 GHz with a sample of natural isotopic composition. Additional lines have been recorded around 130 GHz and near 1.85 THz, using a recently developed far-infrared laser-sideband spectrometer. The accurate new line frequencies were fit together with previously published data to obtain greatly improved spectroscopic constants. Both Watson's S and A reduced Hamiltonians have been employed yielding the rotational constants A s = 281 961.215 (82) 
Introduction
Formaldehyde, H 2 CO, is one of the most simple and fundamental organic molecules. It is of great atmospheric and astrophysical importance. Its first interstellar detection dates back to 1969 [1] , and since then it has even been observed in many external galactic sources. Moreover, several singly substituted isotopomers, such as H 2 13 CO [2] , H 2 C 18 0 [2] , HDCO, and even D 2 CO (unlabelled atoms refer to 12 C and 16 0, respectively) have been observed in the interstellar medium. It has been suggested that H 2 C 17 0 and H 2 i3 C 18 0 might be observable [3] . Furthermore, some transitions of H 2 13 CO have been identified in the 580 -720 GHz region in an Orion KL line survey obtained at the Caltech Submillimeter Observatory [4] , This detection suggests that the less abundant H 2 C 18 0 should also be observable in that frequency region; overlap by stronger interstellar features might be a problem for the unambiguous identification of this isotopomer. For the extension of radioastronomy to higher frequencies and with the advent of missions such as SOFIA (Stratospheric Observatory For Infrared Astronomy) and FIRST (Far InfraRed Space Telescope), the knowledge of precise rest frequencies is required to unambiguously identify the carriers of spectral features and to investigate the dynamics of the sources via Doppler analysis.
Even though the rotational spectrum of formaldehyde has been studied very often, precise laboratory frequencies of several isotopomers up to the low submillimeter region (< 460 GHz) were obtained only quite recently. Since the rotational transitions of formaldehyde isotopomers with an even number of 'H nuclei follow a-type selection rules only, and since distortion effects are fairly large, extrapolation of the rotational spectrum to higher frequencies and higher quantum numbers is risky. Therefore we have started to investigate the ground state rotational spectra of several isotopomers of formaldehyde in the submillimeter and terahertz regions, often supplemented by measurements in the microwave region. Results on H 2 CO [5] , HDCO [6] , and D 2 CO [6] up to 2.54, 1.63, and 1.86 THz, respectively, have been reported already. The H 2 CO data were further improved by using infrared ground state combination differences in the fit [7] . In the present article, we report accurate transition frequencies of H 2 C 18 0 in the submillimeter region, extending previous measurements up to 358 GHz which were summarized by Cornet and Winnewisser [3] , The rotational spectrum of H 2 13 CO has been studied also, and these results will be presented in [8] we have tested the performance of Watson's 5 reduced Hamiltonian in comparison to the A reduced Hamiltonian which was used mostly to fit spectra of the H 2 CO isotopomers, and both results are presented.
Experimental Details
Essentially all accessible transitions between 485 and 835 GHz have been recorded with the Cologne Terahertz Spectrometer with phase-locked BWOs as sources and a magnetically tuned hot electron InSb bolometer as detector. Further details of the spectrometer are given in [9] . Two transitions near 1.87 THz, which were among the strongest of H 2 C 1K O, were recorded with a frequency-stabilized FIR laser-sideband spectrometer [10, 11] , in which the output of a frequency-locked ring laser (the 1626 GHz laser line of CH 2 F 2 ) is mixed with a phaselocked BWO to generate sideband radiation. For strong single lines, accuracies of better than 20 kHz could be achieved. In the present case, however, the the lines are so weak that the accuracy is limited by the signal-to-noise ratio and by the background features. Finally, two transitions have been recorded near 130 GHz employing a free space absorption cell, an AMC (Analytik Messtechnik Chemnitz) synthesizer as source, and a diode detector. A formaldehyde sample of natural isotopic composition was used throughout.
Observed Spectra, Analysis, and Discussion
At lower frequencies (~500 GHz), the new lines of H 2 C ls O were located close to the predicted positions. The latter were derived from previous data, taking for some higher order centrifugal distortion constants the values of the main isotopomer [7] . The high sensitivity of the spectrometer is demonstrated by the two weak transitions in Figure 1 . The non-rigidity of the molecule was apparent from the fact that lines were often lying well outside the sum of the experimental and predicted uncertainties, sometimes even at low K A . Despite the rather sparse spectrum, some lines of H 2 C 18 0 were overlapped by other lines, e.g. of other isotopomers. These lines were recognized by a much larger intensity than expected or by differences between experimental and calculated positions that were much larger than the estimated uncertainty; they were not included in the final line-list given in Table 1. One example for an overlapped line was found at 1 848 551.902 (200) MHz, one third of which turned out to be due to 28 1 28 -27 1 27 of HX ls O and about two thirds to 26 5 22 -25_ s 21 of H 2 13 CO.
Formaldehyde is a near symmetric, prolate rotor with an asymmetry parameter k, = -0.9648 for 10 6 -9 6 10.-9. Thus, the use of the A reduction for fitting and predicting spectra of isotopomers of formaldehyde is about as reasonable as using the 5 reduction. Table 1 shows also that the residuals obtained with the A and the S reduced Hamiltonians are in general very similar; occasionally, however, larger deviations are observed, but they do not seem to be systematic.
With the present investigation, the data set of H 2 C 18 0 has been enlarged substantially. As a consequence, improved spectroscopic constants have been obtained which allow the strongest transitions ( q Rbranch transitions with K A < 3) to be predicted which uncertainties of less than 1 MHz up to ~2 THz.
